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The mechanical response of a widely used electro-active polymer (EAP) material, and the sensitivity of
this response to imposed strain rate, are measured by performing tension and compression tests at con-
stant strain rate as well as relaxation experiments. Simple actuators are constructed and used to deter-
mine the sensitivity of the material’s relative dielectric permittivity to excitation frequency and imposed
equibiaxial strain. Actuators are subjected to both a monotonic, slowly increasing electrical excitation
and to a more rapid oscillating electric ﬁeld; the differences in the resulting actuation strains reveal
the importance of the material’s viscosity in its performance as an actuator.
 2012 Elsevier Ltd. All rights reserved.1. Introduction polymers (Suo, 2010; Zhao et al., 2011) used as the dielectric inIt is well known that the application of a difference in electric
potential between two points of a dielectric material via conduc-
tive electrodes results in an electrostatic force exerted on the
dielectric. This can cause noticeable strain in the material: a phe-
nomenon referred to as electrostriction.
Early measurements of electrostriction by Zhenyi et al. (1994)
showed strains of the order of 3% on PVDF specimens subjected
to high electric ﬁelds. A few years later Pelrine et al. (2000a,
2000b) examined the electrostriction response of a range of soft
polymers and observed actuation strains as high as 215%; the high-
est strains were observed in an acrylic polymer manufactured by
3 M and used as an adhesive tape, with commercial name
VHB49. This discovery created a great interest in electrostriction
and its potential in the development of fast, high stroke actuators
entirely made of polymeric materials, to be used in a wide range
of applications including artiﬁcial muscles (Kofod et al., 2003;
Bar-Cohen, 2004; Choi et al., 2005; Barnes et al., 2007; Plante
and Dubowsky, 2007; Kofod, 2008; Shankar et al., 2009).
Much investigation has focused on reproducing experimentally
highactuationstrainson soft polymersbutdetailed characterization
of the material response is still needed; the values of both the
mechanical and electrical material properties are typically deter-
mined indirectly from electro-mechanical tests and are still subject
to discussion (Kofod, 2008; Bar-Cohen, 2004). Great progress has
beenmadeonmodeling the electrostrictive responseof soft dielectricll rights reserved.
garielli).deformable parallel-plate capacitors (Wissler, 2007) or as the
matrixmaterial inelectroactiveﬁbercomposites (Tevet-Deree, 2008).
Much of the existing work has considered the electrostriction
response of the 3 M VHB adhesive investigated by Pelrine et al.
(2000a, 2000b), as this material achieved the highest actuation
strains. In this study we characterize the mechanical response of
the material by performing constant strain rate experiments with
the aim of providing data for the development and calibration of
hyper-visco-elastic constitutive models, including (i) the stress
vs. stretch response, (ii) Poisson’s ratio, (iii) bulk modulus, and
(iv) the stress relaxation response.
We measure the out-of-plane relative dielectric permittivity of
the polymer ﬁlms as a function of pre-strain and frequency of exci-
tation. Simple actuators are constructed and subjected to slow and
faster electrical excitation histories; we measure the charge vs.
voltage characteristics and deduce from these that the viscous
response of the polymer has a strong inﬂuence on the measured
electrostriction. In Section 2, the experimental techniques are
described. Section 3 reports data from the experiments and a
discussion of the results.
2. Materials and experimental methods
2.1. Material and specimens preparation
The material investigated in this study was a rubbery acrylic
polymer produced by 3 M1, commercially denoted by VHB49 and1 3M-UK plc. 3M Centre, Cain Road, Bracknell RG12 8HT.
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Fig. 1. Experimental set-up (a) and electric circuit (b) for actuation tests and capacitance measurements.
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of uncoated polymer tape: VHB4905, of width 50 mm and thickness
0.5 mm, and VHB4910, of width 19 mm and thickness of 1 mm. The
adhesive tape was supported by a polymeric backing material to
avoid self-adhesion. Application of a vaseline gel removed tackiness,
allowing easy manipulation of samples. The material had the charac-
teristics of a viscous rubber; following deformation to strains of the
order of 500%, specimens were able to recover completely their ini-
tial shape after sufﬁcient time. The polymeric tape could be bonded
to itself easily; this allowed manufacturing of test specimens of
thickness greater than that of the tape, by stacking several layers
of tape material.
Rectangular specimens for tension tests, of width of 19 mm or
50 mm and length varying from 10 to 50 mm were cut with a scal-
pel from the two tapes. Circular cylindrical specimens were pro-
duced for compression testing by stacking several layers of the
VHB4910 or VHB4905 tape in order to obtain monolithic plates
of thickness of about 5 mm; extreme care was taken to avoid
straining of the tape or trapping of air bubbles in the stacking pro-
cess. After stacking it was not possible to separate the layers and
the original interfaces between these were not visible, due to the
good self-adhesion of the polymer.
Cylindrical specimens were cut from the monolithic plates with
sharp circular steel punches, lubricated with vaseline, which were
pressed at low speed into the material layer; the cutting force was
low and this resulted in negligible straining of the material during
the punching process. Cylindrical specimens were made with
diameter of 6 or 8 mm, height of 5 mm, and axis aligned with
the out-of-plane direction of the monolithic plates. Some samples
(of diameter 6 mm and height 5 mm) were cut along a perpendic-
ular direction in order to probe the degree of material anisotropy.2.2. Actuation and measurement of electrical properties
The experimental setup shown in Fig. 1a was used to measure
the out-of-plane relative dielectric permittivity as well as to con-
struct simple actuators. Square specimens of VHB4905 tape, of side
length 50 mm, were cut from the polymer rolls; these specimens
were stretched by hand and placed onto the circular base of plastic
tubes of wall thickness 2 mm and mean diameter of either 35,50 or
100 mm. The VHB4905 adhesive tape was then ﬁxed with adhesive
tape to the outer lateral surface of the tubes, as sketched in Fig. 1a.
The amount of strain induced in the material during this process
was controlled by placing ink markers on the tape prior to stretch-
ing and measuring the spacing of the markers during the stretching
phase; different level of equibiaxial strain were induced in the
polymer ﬁlms, which were then left to relax for at least 1 h prior
to further processing. An additional plastic tube was then placed
on top of the stretched polymer ﬁlm in order to grip the upper sur-
face of the sample and enforce fully-clamped boundary conditions.Circular compliant electrodes of diameter 8 mm were applied
on the top and bottom surfaces at the centre of the stretched poly-
mer ﬁlm; the electrode material was a conductive grease (a mix-
ture of graphite and silicon oil) procured from MG Chemicals
(Ontario, Canada) and was applied to the polymer via PTFE masks
with circular holes, which were then removed; the same material
was used to create thin conductive paths which were connected
to insulated copper wires of diameter 0.5 mm, as in Pelrine et al.
(2000a) and as sketched in Fig. 1a. Note that the compliant elec-
trodes had a much smaller diameter than that of the plastic tube,
in order to allow actuation of the electrode portion of the EAP.
The samples described above are effectively parallel plate
capacitors of low-ﬁeld capacitance
CS ¼ e0eR A0t0 ð1Þ
where e0 is the electric permittivity of vacuum (8:84 1012 Fm1),
eR is the out-of-plane relative dielectric permittivity of the polymer
ﬁlm, A0 is the area of the circular compliant electrodes and t0 is the
ﬁlm thickness. Such samples were connected to the earthed electri-
cal circuit shown in Fig. 1b; a high voltage ampliﬁer (model Trek
10–10) provided electrical excitation and a capacitance much great-
er than that of the sample ðC0 ¼ 30lFÞwas connected in series with
the sample to monitor displacement charge. A high impedance volt-
meter was used to measure the potential difference V0 across the
capacitor C0, thereby deducing the common charge q of the two
capacitors, q = C0V0. The potential difference VS across the sample
is given by
VS ¼ C0u=ðC0 þ CSÞ  u ð2Þ
since in our experiments CS C0.
The setup described above was employed to measure the rela-
tive dielectric permittivity of the polymer ﬁlm at low frequencies,
as well as to actuate the specimen. To measure the relative permit-
tivity at high frequencies, the sample was connected to a 200 kHz
capacitance meter providing the value of CS; the permittivity was
then deduced from Eq. (1).
2.3. Uniaxial tension tests
Uniaxial tensile tests were conducted on rectangular specimens
cut from the polymer tapes. All mechanical tests were conducted in
an air-conditioned laboratory at temperature of approximately
300 K. The specimen ends were clamped by wedge-action grips
connected to an Instron screw-driven tensometer via a mechanical
ﬁxture, placed in series with a 50 N capacity, low-noise resistive
load cell. Upon application of a tensile force the rectangular spec-
imens deformed in an hourglass shape, with the specimen free
edges (initially straight) acquiring a radius of curvature of the
order of the length of these free edges. Due to this low curvature
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portion of the sample.
In order to measure strain in this central portion, a square grid
of ink markers was drawn at this location; the test was ﬁlmed with
a digital camera and bespoke image-tracking software was used to
deduce the axial and transverse true strains at the centre of the
specimen by tracking the positions of the markers.
The mechanical response of the viscoelastic polymer under
investigation was expected to be sensitive to the imposed strain
rate and it was therefore important to guarantee constant strain
rate during the tests. Neglecting the compliance of the machine
and of the load cell (due to the low forces involved in the experi-
ments), the strain rate at the centre of the specimen scales propor-
tionally to _u=l, where _u is the cross-head displacement rate and l is
the current length of the rectangular specimen in the direction of
the applied force. The Instron tensometer was driven by the ma-
chine’s software, via a closed-loop control algorithm, to displace
at a variable rate such that
_e ¼ c1ð _u=lÞ ¼ c1½ _u=ðl0 þ uÞ ¼ constant ð3Þ
where l0 was the initial length of the rectangular specimen and c1 is
a constant. Image analysis subsequent to the tests conﬁrmed that
the strain was uniform in the central portion of the specimen and
was increasing linearly with time as required.
Preliminary tension tests were performed to check the sensitiv-
ity of the material response to specimen dimensions and to check
for anisotropy in the plane of the tape, by testing specimens cut in
two perpendicular directions. It was concluded that the measured
response was insensitive to specimen geometry in the range ex-
plored (thickness 0.5 or 1 mm; width 19 or 50 mm, length 10, 20,
50 mm) and that the material anisotropy was negligible. Subse-
quent tests used loading along the tape length, and VHB4905 spec-
imens of thickness 0.5 mm, width 50 mm and initial length 10 mm.
Initial tensile tests were performed with and without the applica-
tion of vaseline to the specimens’ surface, and the response was
found insensitive to this surface treatment.2.4. Uniaxial compression tests
The response of the material to uniaxial compression was mea-
sured by testing circular cylindrical specimens in a screw-driven
Instron tensometer. Specimens were lubricated with vaseline gel
and compressed between metallic platens, whose alignment and
parallelism was guaranteed by a mechanical ﬁxture. Load was
measured by a 500 N resistive load cell and the relative displace-
ment of the platens was measured by a clip-gage. The tests were
video recorded and image analysis provided an additional measure
of both the axial and transverse strain in the specimens, which de-
formed uniformly, with no observable barreling.
Again, constant strain rate in the sample was achieved by driv-
ing the machine at variable speed, such that
_e ¼ c2ð _u=lÞ ¼ c2½ _u=ðl0  uÞ ¼ constant ð4Þ
where c2 is a constant, l0 denotes in this case the initial height of the
cylindrical specimens and u is the relative shortening of the speci-
mens as measured by the extensometer.
Preliminary tests were conducted to check the sensitivity of the
response to specimen diameter (6 or 8 mm) and application of vas-
eline, as well as to check for anisotropy. It was again found that the
response was isotropic and insensitive to the specimen geometry
and preparation. Specimens of diameter 8 mm and height 5 mm,
cut in the out-of-plane direction of the polymeric tape, were used.2.5. Constrained compression tests
In order to quantify the volumetric compressibility of the mate-
rial, additional compression tests were performed on circular
cylindrical specimens of high aspect ratio (diameter to thickness).
Circular disks of diameter 15 mm and thickness 0.5 mm were cut
with a metallic punch from the VHB4905 tape; in this case the
specimens were not treated with vaseline gel in order to preserve
their tackiness. Specimens were then adhered to two ﬂat alumi-
num platens in a sandwich conﬁguration and were compressed
in the transverse direction via an Instron screw-driven tensometer.
Force was measured by a 500 N load cell and specimen deforma-
tion was determined via image analysis, allowing measurements
of both axial and transverse strain. In this test axial strains are rel-
atively low; the cross-head of the test machine was driven at a
constant displacement rate, resulting in almost constant strain rate
during the test.
The high friction between loading platens and specimens re-
sulted in low transverse strains and in a high ratio between hydro-
static and deviatoric stress. Assuming that the material obeys
Hooke’s law at small strains, the Von Mises equivalent stress req
and the hydrostatic stress rm can be written as
req ¼ ð1 2mÞra  Eetð1 mÞ ; rm ¼
ð1þ mÞra þ 2Eet
3ð1 mÞ ð5Þ
where ra and et are the axial stress and the transverse strain,
respectively. It follows
lim
et!0
req
rm
¼ 3ð1 2mÞð1þ mÞ ð6Þ
It will be shown that for this material the Poisson’s ratio is 0.473
and therefore at the beginning of the test rm/req  17. The initial
slope of the hydrostatic stress vs. volumetric strain history was
measured to obtain an estimate of the bulk modulus K of the mate-
rial, i.e., K  ð@rm=@emÞem¼0.
2.6. Stress relaxation experiments
Stress relaxation experiments were performed in order to mea-
sure the viscoelastic properties of the polymer ﬁlms. Circular cylin-
drical specimens (as described in Section 2.1) were loaded in
compression, at a constant strain rate of 7 103 s1, to true
compressive strains of 0.85, 1.8 and 4.6. The strain was then held
constant and the stress vs. time histories were recorded.
3. Results and discussion
3.1. Uniaxial tensile and compressive response
The measured material response to uniaxial tensile and com-
pressive stresses is shown in Fig. 2; selected true stress vs. strain
histories are presented at different imposed rates of strain. The
material displays tension/compression asymmetry: at low strains
the apparent stiffness is equal in tension and compression but
the rate of strain stiffening is much greater in tension than in com-
pression, as expected for a rubber.
The tests shown in Fig. 2 were interrupted at true strains of
about 1.3; however, selected tension experiments were performed
straining the material up to failure. Fracture of the tensile speci-
mens occurred at nominal strains of about 500%. Failure occurred
at the gripped specimen ends and therefore it can be envisaged
that the material ductility is in excess of 500%. In compression
the material did not fracture but deformed uniformly up to nomi-
nal strains of about 90%; upon unloading, compressive specimens
were able to recover their original shape completely in minutes.
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Fig. 2. Compressive and tensile responses of the polymer at different strain rates.
Table 1
Summary of the measured and calculated mechanical properties of the polymer at
three different strain rates.
_e, s1 7  103 1.5  102 3  102
S, MPa 0.134 0.159 0.183
m 0.473 0.473 0.473
K = S/[3(1  2m)], MPa 0.826 0.979 1.128
K (measured), MPa 0.872 1.020 1.193
Kﬁt, MPa 0.628 0.702 0.820
-0.5
-0.4
-0.3
-0.2
-0.1
0
0.1
0.2
0 0.5 1 1.5 2 2.5 3 3.5 4
no
m
in
al
 s
tre
ss
, M
Pa
axial stretch λ
3 17 10 sε − −= ×
2 11.5 10 sε − −= ×
2 13 10 sε − −= ×
Fig. 4. Nominal stress vs. stretch histories measured in uniaxial tension and
compression experiments, at different imposed strain rates.
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range of strain rates explored, with the initial stiffness increasing
by more than 50% when the imposed strain rate increased by less
than one order of magnitude. The measured rate of change of initial
stiffness S ¼ ð@r=@eÞje¼0 with respect to strain rate, @S=@ _e, was
2:1MPas.
Image analysis allowed measurement of the Poisson’s ratio of
the material in both tension and compression; Fig. 3 shows
selected true transverse vs. axial strain histories. By ﬁtting the data
from 20 measurements in the axial strain range 0–0.3, Poisson’s ra-
tio was found to be 0.473 ± 1.5%, indicating a degree of compress-
ibility. The measured material stiffness S is given in Table 1 as a
function of the applied strain rate.
The tensile and compressive stress vs. strain responses pre-
sented in Fig. 2 are re-plotted in Fig. 4 as nominal stress vs. axial
stretch histories. The ﬁgure includes best ﬁts of a compressible,
isothermal neo-Hookean constitutive model through the data;
the calibration of this model was performed as follows. The strain
energy for a compressible neo-Hookean solid is given by
U ¼ l
2
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Fig. 3. Transverse vs. axial strain histories in uniaxial tension and compression
experiments.where ki ði ¼ 1;2;3Þ are the principal stretches and l and K are the
low-strain shear modulus and bulk modulus, respectively, while the
Poisson’s ratio is
m ¼ 3K  2l
2ð3K þ lÞ ð8Þ
In uniaxial tension the material experiences an axial stretch k1 ¼ k
and transverse stretches
k2 ¼ k3 ¼ km ¼ k
2l3K
2ð3KþlÞ ð9Þ
Substituting these expressions for stretches in Eq. (7), the nominal
uniaxial stress can be obtained as a function of the axial stretch
by invoking the principle of virtual work
rn ¼ @U
@k
¼ 3Klð3K þ lÞk2 k
l
3Kþl þ k9Kþl3Kþl þ k3Kþ4l3Kþl k 3l3Kþl  1
 h i
ð10Þ
This expression can be re-written in terms of the ratio a = K/l as
rn ¼ 3Kð3aþ 1Þk2 k
1
3aþ1 þ k9aþ13aþ1 þ k3aþ43aþ1ðk 33aþ1  1Þ
h i
ð11Þ
and direct measurement of the Poisson’s ratio provided a = 18.18 at
all strain rates explored. Best ﬁts of Eq. (11) through the data in
Fig. 4 provided the optimal values of K; these are reported in Table 1
(and indicated by Kﬁt) for each strain rate, and are in broad agree-
ment with direct measurements of K.
3.2. Constrained compression tests
Fig. 5 presents data obtained from a constrained compression
test as described in Section 2.5. The measured true compressive
stress vs. strain response, together with measurements of the
transverse strains, was used to obtain the hydrostatic stress vs.
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Fig. 5. Hydrostatic stress vs. volumetric strain history from a constrained
compression test.
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for the case of an imposed strain rate of 7 103 s1. From the ini-
tial slope of the curve, the initial bulk modulus is estimated to be
K ¼ 0:872MPa. This is in good agreement with the Hooke’s law
prediction for an isotropic material K ¼ S=½3ð1 2mÞ, where S is
the apparent material stiffness and m is Poisson’s ratio. Measured
and calculated values of K are listed in Table 1 for each strain rate.3.3. Stress relaxation response
Results from stress relaxation tests are presented in Fig. 6; the
compressive stress of specimens was held at constant strain values
(as indicated in the ﬁgure); the compressive stress decays with
increasing time to a stationary value. The measured stress vs. time
histories can be used to calibrate more or less sophisticated visco-
elastic models; this is omitted here for the sake of brevity.-73.4. Relative dielectric permittivity
Fig. 7 shows the measured low-ﬁeld relative dielectric permit-
tivity eR of the ﬁlms vs. the imposed equibiaxial strain. Measure-
ments were conducted at 103 Hz and 200 kHz, as described0
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Fig. 6. Compressive stress vs. time histories measured in stress relaxation tests.above. The dielectric permittivity was deduced via Eq. (1), calculat-
ing the thickness of the pre-strained ﬁlms from the initial thickness
t0 as
t ¼ t0ð1þ eIPÞ1=m ð12Þ
where eIP is the imposed in-plane nominal equibiaxial strain and m is
the measured Poisson’s ratio. The excitation voltage in this experi-
ment was low (< 100V) and no noticeable actuation strain was in-
duced in the ﬁlm. At both frequencies, eR decreased with increasing
pre-strain, suggesting a sensitivity of the polarization response to
molecular alignment. The permittivity was insensitive to equibiax-
ial pre-strain beyond 300%, a level typical of the pre-strain used for
actuator applications.
3.5. Electro-mechanical response to quasi-static excitation
Fig. 8 shows the measured charge vs. excitation voltage histo-
ries for pre-strained polymer ﬁlms (Section 2.2, Fig. 1). These sam-
ples had electrodes of diameter 8 mm; they were mounted on a
100 mm diameter plastic tube and subjected to a slowly increasing
excitation voltage; at sufﬁciently high electric ﬁeld values,0
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consequent in-plane straining of the samples.
Lines in Fig. 8 represent the measured charge vs. voltage for
samples with equibiaxial pre-strain of 200%, 300% and 400%. At
low excitation voltage (absent actuation) the measured charge is
greater for samples with high pre-strain. This is a consequence of
the reduction in sample thickness with increasing pre-strain.
Although pre-strain also reduces the permittivity, the thickness
reduction dominates the change in capacitance through
C ¼ e0eRA0=t0. The slope of the charge vs. voltage history represents
the sample’s capacitance, C ¼ @q=@u. This slope is initially con-
stant and subsequently increases as a consequence of the mechan-
ical actuation. In samples with greater pre-strain, C increases more
steeply with /.
The in-plane nominal strains experienced by the sample with
300% pre-strain were measured via image analysis and are plotted
in Fig. 9a as a function of the excitation voltage; in-plane strains in-
crease in a non-linear manner with the applied voltage beyond the
threshold u > 500V. Strains of 70% are observed when u ¼ 2kV;
this voltage corresponds to an applied electric ﬁeld of
231MVm1. Note that in the study by Pelrine et al. (2000b) the
maximum nominal in-plane strain observed in similar experimen-
tal conditions was 60% at 412MVm1.
The measured in-plane actuation strains can be used to predict
the charge vs. voltage history for the sample with 300% initial pre-
strain, via a simple model. From the deﬁnition of low-ﬁeld capac-
itance we can write
C 0ðeIPÞ ¼ @q@u ¼ e0eR A0t0 ð1þ eIPÞ
21m ¼ Cð1þ eIPÞ2
1
m )
) qðuÞ ¼ Ru0 Cð1þ eIPðnÞÞ2
1
mdn
ð13Þ
where eIP is the nominal in-plane actuation strain. Note that Eq. (13)
assumes the dielectric permittivity is independent of actuation
strain; this is a reasonable approximation considering the measure-
ments shown in Fig. 7. The predictions of Eq. (13) are included in
Fig. 8; such predictions agree with measurements at low actuation
strains but underestimate the charge for eIP > 5%. While Eq. (13)
takes account of the thinning of the tape due to actuation strain,
it does not account for any dielectric non-linearity intrinsic to the
material, for example due to structural changes or local polarisabil-
ity that the polymer may experience when subjected to electric
ﬁeld. Consequently an increasing discrepancy between Eq. (13)
and experimental data is expected with increasing ﬁeld strength.3.6. Response to cyclic electrical excitation
Experiments were conducted subjecting samples identical to
those described in Section 3.5 (with pre-strain of 300%) to cyclic
electrical excitation with triangular waveform, at 0.2 Hz and se-
lected amplitudes. After a brief transient, the measured charge
vs. voltage history described a closed loop in the q  / plane.
Fig. 9 shows typical electrical hysteresis loops, corresponding to
excitation amplitudes of 1kV, 2 kV and 3kV.
Samples subjected to excitation of 1kV displayed negligible
actuation strains and their charge vs. voltage characteristic was
linear. Increasing the excitation to 2 kV caused moderate actua-
tion strains to appear (< 10%), and corresponding nonlinearity in
charge vs. voltage history. The tangent to the hysteresis loop,
describing the instantaneous capacitance of the sample, increased
with increasing absolute value of the excitation voltage. Note that
the data in Fig. 8 shows a charge of 8 107 C at a voltage u ¼ 2kV
and _u ¼ 8Vs1 for a sample of 300% pre-strain; in contrast the data
in Fig. 9a shows a much smaller charge of 1:2 107 C at the same
pre-strain and excitation voltage but _u ¼ 2400Vs1. This differ-
ence can be understood by considering that the data in Fig. 9a re-
sult from a voltage loading rate 200 times greater than that for
Fig. 8; the viscoelastic nature of the material results in a signiﬁ-
cantly stiffer response at higher loading rates.
If the excitation is increased to 3 kV specimens display greater
strains and correspondingly the capacitance changes over a broad-
er range. The area described by the closed loop in Fig. 9a at
this excitation corresponds to a dissipated energy of 4:27
104 J=cycle; simple calculations show that this is much greater
than the elastic energy in the sample. Fig. 9b presents the mea-
sured charge vs. voltage history for repeated actuation of a sample
at 3 kV. The amplitude of the charge hysteresis is progressively
increasing. This corresponds to an apparent increase of capacitance
and therefore a progressively greater actuation strain. This may be
due to heating of the samples, softening the mechanical response.4. Concluding remarks
The present investigation provides measurements of the tensile
and compressive response of VHB49 polymer sheets, widely used
as electroactive material. Stress vs. stretch histories are reported
at different imposed constant strain rates; the Poisson ratio and
bulk modulus of the material are measured; the stress relaxation
V.L. Tagarielli et al. / International Journal of Solids and Structures 49 (2012) 3409–3415 3415at different compressive strains is reported. It is concluded that the
material response is hyperelastic and highly viscous, resulting in
very high strain rate sensitivity and relatively long relaxation
times.
The out-of-plane relative dielectric permittivity of VHB49
polymer ﬁlms is measured as a function of the initial imposed
equibiaxial pre-strain; it is found that permittivity decreases
with increasing tensile pre-strain; on the other hand, permittiv-
ity is nearly insensitive to pre-strain in the range 300–400%, the
regime in which many actuators operate. The low-ﬁeld permit-
tivity decreases with increasing frequency of electrical
excitation.
The response of simple actuators to two different excitation
histories was measured; it was shown that actuation strains
are relatively high in presence of low rates of electrical loading
and decrease greatly if the rate of applied electrical excitation
increases. With repeated cyclic excitation the actuators display
a softer mechanical response, resulting in greater strains for a gi-
ven excitation voltage. The data provide a basis for the further
development and calibration of constitutive models.Acknowledgements
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